Study aim: To determine the level of physical fitness and aerobic capacity of Polish military fighter aircraft pilots. Material and methods: The study was conducted on a group of 120 Polish military fighter aircraft pilots (men). The average age of subject was 37.13 ± 5.42 years. For further analysis, the pilots were divided into three age groups: under 29, aged 30-39, and 40-49. Age criteria were adopted according to the classification used by the American Heart Association. A physical fitness test (seven skills) was used to determine the level of physical fitness of pilots. The Åstrand-Ryhming test and a MONARK cycling ergometer were used to determine the level of aerobic capacity. Results: The pilots obtained the following average results during the physical fitness test: push-ups on a bench -37.7 reps; shuttle run 10 × 10 m -30.3 s; pull-ups -9.1 reps; sit-ups -54 reps; standing long jump -228.5 cm; zigzag pattern run -25.8 s; 50 m swimming -49.2 s. The physical fitness of military pilots decreases with age. The average level of aerobic capacity of military pilots was estimated at 33.73 ± 5.62 VO 2 max (ml/kg/min). Conclusions: Polish military fighter aircraft pilots are characterized by a medium level of physical fitness and a medium level of aerobic capacity. The level of aerobic capacity is lower currently than 30 years ago. It is a perturbing and negative phenomenon.
Introduction
The level of physical fitness and aerobic capacity largely reflects the condition of health and the ability to undertake various forms of physical activity associated with everyday life, sports or professional activities. Regular physical activity positively affects health and functioning of the body, as it reduces the risk of many lifestyle diseases including diabetes, cardiovascular diseases, and depression [2, 11, 15] .
In some occupational groups, maintaining a high level of physical fitness constitutes a formal requirement. This is associated with the necessity to perform duties in difficult, environmentally diverse conditions, often under psychophysical strain. Air Force pilots constitute one such professional group, and in order to perform tasks in flight, they are required to maintain very good health and a high level of physical fitness and aerobic capacity. Such requirements are justified by the fact that military tasks are performed both while airborne and on the ground [25] .
Therefore it is necessary for the pilot to demonstrate a high level of G-tolerance, tolerance of hypoxia, and a high capacity for aerobic physical effort.
Regular measurement of physical fitness and exercise capacity provides information on the readiness of troops to carry out tasks. On the basis of the level of physical fitness and aerobic capacity we can also determine whether the soldiers are injured in some way, or whether there are any symptoms of disease [17, 19] .
The physical condition of Air Force pilots rests in the care of professionals from the fields of medicine, physical education, nutrition and psychology. In order to regenerate physical strength, restoring health and wellbeing, undergoing emergency and rescue training, familiarizing with what is referred to as life sports, Polish Air Force pilots participate in an obligatory annual physical training course which lasts 3 weeks [5, 21] .
During the training courses at the training center, Air Force pilots are subjected to fitness tests and the level of their aerobic capacity is evaluated. Physical fitness tests and the assessment of aerobic capacity conducted among Air Force pilots vary in different armies [7, 8, 10, 12, 13] . Physical fitness is assessed on the basis of exercises measuring the strength of abdominal muscles and shoulders, speed, agility and running stamina. In some armies, when evaluating physical fitness or aerobic capacity, the waist circumference is also measured to determine the degree of overweight or obesity (e.g., in the USA). Aerobic capacity is generally determined using bicycle ergometer tests [18, 26] .
The US Army over the years has repeatedly changed the physical exercises by which it evaluates the physical condition of military pilots. It has used, among other things, walking, a 1.5 mile run, and a test on the cycle ergometer. Currently, we can notice a certain similarity in the approach to physical fitness in the Polish Army and in the US Army. In 2004, the US Armed Forces introduced such activities as the 1.5-mile running test, sit ups, and push-ups. It is the focus on physical fitness to be "Fit to Fight" [1] .
The aim of the study was to determine the level of physical fitness and aerobic capacity of Polish military fighter aircraft pilots.
Material and methods
The study was conducted on a group of 120 Polish military fighter aircraft pilots (men) in 2014. The study was conducted at the Military Center of Training and Conditioning at the beginning of the tours, prior to training proper.
The characteristics of the subjects are presented in Table 1. For further analysis, military fighter aircraft pilots were divided into three age groups: under 29, aged 30-39, and 40-49. Age criteria were adopted according to the classification used by the American Heart Association (AHA) for the assessment of aerobic capacity [2] . The number of subjects in each age group is specified in Table 2 . Due to the small number of subjects in the group aged 29 and younger, they were not considered as a separate group in the further analysis.
The obligatory test for Air Force pilots at the Military Center of Training and Conditioning was used to evaluate the general level of physical fitness [16] . The test consisted of seven skill tests, i.e., a zigzag pattern run, 10 × 10 m run, pull-ups, push-ups on a bench, 2-minute session of sit-ups, standing long jump and a 50 m swim.
The Åstrand-Ryhming test and a MONARK 828 E (manufacturer: MONARK EXERCISE AB, Vansbro, Sweden) cycling ergometer were used to determine the aerobic capacity. The test consisted of 5-8 minutes of submaximal exercise (60 rev/min) with constant intensity. The load was selected on the basis of body weight and heart rate (HR). HR was measured using a Polar M 400 pulsometer (manufacturer Polar Electro Oy, Polar Electro Oy, Professorintie 5, FI-90440 KEMPELE, Finland), after each minute of the exercise, which should stabilize in the 130-150 bpm range. Maximal oxygen consumption was calculated on the basis of the Åstrand nomogram, using the HR value recorded for the last three minutes of effort. The classification of the results of measurement for men is shown in Table 2 .
The physical fitness tests and the aerobic capacity tests were conducted separately, on two consecutive days.
Statistical analysis
Arithmetic mean, standard deviation (SD), ranges of variation, percentage values and medians (Me) were computed. In order to determine the significance of differences between the examined groups, Student's t-test (α = 0.05) was used. The statistical program Statistica 6.0 was used. Table 2 . Evaluation of aerobic capacity according to American Heart Association (maximal oxygen consumption) (ml/kg/min) [2] Results Air Force pilots' physical fitness Table 3 shows the results of the individual trials in the physical fitness test of all the examined military fighter aircraft pilots. The greatest differences in results were observed in pull-ups, push-ups on a bench and swimming.
The following tables present results for age groups 30-39 and 40-49 (Table 4 and Table 5 ).
Between the two groups of pilots (aged 30-39 and 40-49), statistically significant differences were noted in the following exercises: push-ups, pull-ups, sit-ups, standing long jump and 50 m swim. The physical fitness of military fighter aircraft pilots decreases with age. Based on the analysis of the distribution of the body mass index (BMI), conducted in accordance with the classification of the World Health Organization (WHO), it was found that 20% of the respondents demonstrated normal body mass, 65% were overweight, and 15% were obese.
Discussion
The results of this study indicate that the level of physical fitness of Polish military fighter aircraft pilots is good and the level of aerobic fitness is average. We found a significant difference between results in the individual exercises (trials).
It would be expected that this diversity would be smaller if the military fighter aircraft pilots in terms of physical condition constituted a more homogeneous group, if not in all motor abilities, at least in some of those associated with the strength of the abdominal muscles and lower limbs, considering that they perform similar military tasks. To increase the tolerance of acceleration and correctly perform the L1 straining maneuver, greater strength of the abdominal muscles and lower limbs is required [27] . Unfortunately, in this group of pilots, there was no such relationship. This phenomenon is worrying, because it can be assumed that physical education specialists do not pay attention to such exercises. There does not seem to be sufficient tolerance of overloads [19] .
In the literature, there are not many articles which broadly describe the level of physical fitness and/or physical performance of military pilots. Perhaps this is due to the fact that it is commonly believed that a military pilot is an able-bodied man, with high stamina and an athletic figure. Probably when it is worse, steps shall be taken to change this through physical training and dietary changes, but the test results will not be disclosed. In this study we have investigated the broad level of physical fitness of Polish military fighter aircraft pilots. We have compared physical fitness and aerobic fitness of Polish military pilots with soldiers of other formations and other countries.
Based on the criteria of physical fitness developed for Air Force pilots undergoing training in Polish military training centers, it can be assumed that the Air Force pilots' physical fitness level is satisfactory [16] . Below, some raw scores are compared with the results obtained by the soldiers of other specialties.
The military fighter aircraft pilots' physical fitness test results were compared with the results obtained by the soldiers of the special forces unit in the following exercises: sit-ups, pull-ups and 10 × 10 m shuttle run [23] . The special forces unit soldiers demonstrated a significantly higher level of physical fitness. Military fighter aircraft pilots performed an average of 54 sit-ups, compared to the 91.5 performed by the special forces unit soldiers (41% In the following discussion, the results of physical fitness tests of Air Force pilots will be compared with the results obtained by other soldiers, of all ages (younger). It may seem that the comparison of different age groups is unjustified. In fact, when assessing qualification of soldiers to perform military tasks, one should first and foremost consider their skills, physical fitness and capacity, not their age. A soldier should be prepared to perform specific tasks regardless of age. A similar approach should also be adopted in relation to gender. In a sense, the application, in the military or other uniformed services, of physical fitness tests differentiated according to gender and age seems unfounded. It is particularly unreasonable to use different exercises and standards for women and men in a specific formation [24] . This prompts the question of what purpose such physical fitness tests are to serve.
The physical fitness of Air Force pilots is further compared to conscripts, soldiers and air force officer cadets. Air Force pilots demonstrate significantly better results than mechanized infantry soldiers. In sit-ups, the respective results are 54 to 23.8 repetitions (a 55.9% difference). Artillery and basic Air Force unit soldiers demonstrated a level of abdominal muscle strength similar to that of mechanized infantry soldiers [22] .
Two other studies present the results of the 10 × 10 m speed-agility run obtained by Polish Air Force Academy officer cadets, future Air Force pilots. The speed results range from 28.5 s to 29.30 s [9, 20] . Air force cadets demonstrate higher speed and agility than the tested Air Force pilots.
The levels of aerobic capacity of the examined Air Force pilots will further be compared. First, a comparison will be made with the group of military pilots examined by Klukowski and Kłossowski in the 1970s [6] . A direct comparison is not possible, due to slight differences in the adopted divisions into age groups. In Klukowski and Kłossowski's work, however, in the group aged 28-34, maximal oxygen consumption was at 41.5 ml/kg/min, and 39.0 ml/kg/min in the group aged 35-40. These results can be compared to the current results calculated for the present-day group aged 30-39. The currently tested Air Force pilots demonstrate lower levels of physical fitness. The situation is similar when comparing the two groups from the past study aged 41-44 (36.0 ml/kg/min) and 45-49 (34.0 ml/kg/min) with the present-day group aged 40-49 (32.9 ml/kg/min).
In the study by Tomczak et al., the level of aerobic capacity of the special forces unit soldiers was determined using the Klinge method [23] . The result obtained (57.1 ml/kg/min) demonstrates that the special forces unit soldiers present a significantly higher level of aerobic capacity than military fighter aircraft pilots. This, undoubtedly, results from the specifics of the tasks performed by special forces soldiers, which demand from them an especially high capacity. Such levels cannot be expected from fighter pilots due to the different task demands and the related psychophysical training [4] .
Further in the discussion, the level of aerobic capacity of the examined Air Force pilots was compared with that of foreign armed forces pilots. In the US Air Force, the aerobic capacity is assessed on the basis of the result of maximal oxygen consumption obtained during the submaximal exercise on the cycle ergometer, based on the modification of the Åstrand-Ryhming nomogram [18] . Giovannetti evaluated the aerobic capacity of 11 305 men serving in the US Air Force two times [1] . First, in 2003, the aerobic capacity was measured using the modified Åstrand and Ryhming test on an ergometer (USAF SCE -submaximal cycle ergometry test). The second test, used in 2005, was the "Fit to Fight" five-mile run. The mean maximal oxygen consumption of the tested men was 35.83 ± 7.18 ml/kg/min in 2003, which is similar to the result obtained in this work. In 2005, however, it was much better at 41.87 ± 5.81 ml/kg/min [1] .
In another work from 1994, soldiers of the US Air Force in a group with an average age of 39.3 ± 3.9 years were characterized by average aerobic capacity of 39.9 ± 9.8 ml/kg/min in the cycle ergometer test (CET) [26] . In 1999 the aerobic capacity was tested in a group of 8 Royal Australian Air Force pilots. The average result was 50 ± 6 ml/ kg/min, which translated into a good result in this group of patients [13] . Due to the very small research sample, however, it is not advisable to make comparative analyses with this group.
Nancheva and Minkovski conducted a study of aerobic capacity with a group of 135 men of the Bulgarian Air Force from 18 to 59 years old. The pilots were divided into four age groups. In the group aged from 18 to 25, the mean maximal oxygen consumption was 2.94 l/min (46.15 ml/ kg/min), which was the highest value among all the studied groups [12] . In the next age group, from 35 to 40, the result was 3.03 l/min (35.89 ml/kg/min), which is a value comparable to the result achieved by the pilots examined in the 30-39 age group (34.08 ± 4.99 ml/kg/min). In the group of age 41 to 50 the maximal oxygen consumption was 3.18 l/min (39.57 ml/kg/min). In the present study, a similar age group (40-49) demonstrated an inferior result, equal to 32.97 ± 7.01 ml/kg/min. In the group aged over 50, the maximal oxygen consumption observed was 2.78 l/min (34.15 ml/kg/min) [12] .
Against the background of the presented literature data, the level of aerobic capacity of Polish Air Force pilots corresponds to the lower limits (33.73 ml/kg/min) of the results obtained by the Air Force pilots of other countries. According to the AHA criteria, it is evaluated as "good," and as such it is sufficient to allow them to perform duties (in-flight). Analyzing the levels of physical fitness and aerobic capacity of the examined military pilots, it was found that, compared to other groups of soldiers, pilots' physical fitness levels are significantly higher. When aerobic capacity is considered, the pilots' results are lower than those of both the earlier generation of Polish Air Force pilots and the pilots from other countries. This should be a warning sign to take preventative steps against further deterioration of the level of physical fitness. However, caution should be taken in order not to cause adverse effects associated with performing in-flight tasks on jet aircraft. We have to remember that attention to high physical capacity of military pilots is also justified by the fact that the pilot has a higher physical efficiency and greater tolerance of acceleration [17] . Additionally, Oliver-Silva and Boullosa found that there is a significant correlation between exercise capacity, body fatness, state of hydration and the autonomic control of HR during and after flights [14] .
In Poland, increased body mass is exhibited by approximately 62% of men [28] . A similar anomaly was found in the tested military pilots. Two aspects are disturbing. First, military pilots are elite professionals and need to take full care of their health, fitness and physical performance. Second, these are aspects that affect the performance of official duties. The Military Center of Training and Conditioning is a place where military pilots should be made aware. We believe that training camps should be conducted with classes on proper nutrition, carrying out health training, and the ability to maintain the correct body weight. Furthermore, military pilots with significant obesity and overweight should constitute a distinct physical training group and be subject to a special program of physical training. In our research we have found the fundamental reason why the level of physical fitness of Polish military pilots is just medium. • decreasing physical fitness of Polish pilots over several years; • significant differences in the level of physical fitness of military fighter aircraft pilots. 3. It is necessary for military aviation medicine physicians and physical education specialists to pay attention to this negative phenomenon.
